Inflammation is linked to numerous chronic disease states. Phenolic compounds have attracted 29 attention because a number of these compounds possess anti-inflammatory properties. A 30 phenolic crude extract was prepared from pecans and separated by Sephadex LH-20 column 31 chromatography into low-and high-molecular-weight (LMW/HMW) fractions. Anti-32 inflammatory properties of these fractions were assessed in LPS-stimulated RAW 264.7 murine 33 macrophage cells. NO and reactive oxygen species (ROS) production was monitored after 3 34 different experimental protocols: (1) pre-treatment with E. coli O111:B4 lipopolysaccharide 35 (LPS); (2) pre-treatment with a pecan crude extract and its fractions; and (3) co-incubation of 36 LPS with a pecan crude extract and its fractions. The LMW fraction displayed a dose-dependent 37 decrease in NO production and a significant decrease from the LPS control in ROS production 38 when cells were either co-incubated with or pre-treated with LPS. The phenolics were 39 characterized by HPLC to help identify those responsible for the observed effect. 40 41
Introduction 44 45
NF-κB is a protein complex shown to play a key role in the inflammation process in 46 macrophages and lymphocytes (Glass & Witztum, 2001) . During normal physiological 47 conditions, the protein complex is located in the cytosol of the cell as an inactive complex, IκB-48
NFκB (Baeuerle & Baltimore, 1996) . The inflammatory process begins when one of several 49 possible stimuli activates the cell. These stimuli can be exogenous (such as lipopolysaccharides, 50 LPS) or endogenous (TFN-α or IFN-γ) (Terra et al., 2007; Rajapakse, Kim, Mendis, & Kim, 51 4 NO serves multiple purposes in the inflammation process (Laroux et al., 2001) . It is a small 67 molecule and is therefore capable of diffusing easily into cells. This enables the NO to travel 68 from the site of formation to various sites of action (Kruidenier & Verspagel 2002; Aktan 2004) . 69
Because it is a free radical, NO has the potential to react with other free radicals found in cells. 70 NO itself is not extremely reactive, but it does form a much more damaging reactive nitrogen 71 species (RNS), peroxynitrite anion (ONOO − ) (Zhong, Chiou, Pan, & Shahidi, 2012) . For this 72 reason, the pro-oxidative NO has been shown to create oxidative damage (Epe, Ballmaier, 73 Roussyn, Briviba, & Sies, 1996; Luperchio, Tamir, & Tannenbaum, 1996; Virgili, Kobuchi, & 74 Packer, 1998) . It is also believed that ROS may play a key role in the activation of NF-κB 75 (Brigelius-Flohé, Banning, Kny, & Böl, 2004) . 76
Studies have investigated the anti-inflammatory properties of pine bark extract (Virgili et al., 77 1998) , cocoa procyanidins (Zhang et al., 2006 ) and a hydrophilic phenolic extract from 78 pistachios (Gentile, Allegra, Angileri, Pintaudi, Livrea, & Tesoriere, 2012) in cell culture 79 systems. Varying, and conflicting, results have been reported in regards to which extract 80 constituents are most effective at reducing NO and ROS production. For instance, one study 81 reports that HMW tannin constituents (Gentile et al., 2012) are the most effective, while others 82 have demonstrated the effectiveness of monomers and dimers (Zhang et al., 2006; Park, 83 Rimbach, Saliou, Valacchi, & Packer, 2000) . Due to the moderately high proanthocyanidin 84
(PAC) content of pecans, it was postulated that a phenolic crude extract from pecans would be 85 excellent as inhibitors of the inflammatory process. The prepared pecan crude extract was further 86 separated via Sephadex LH-20 column chromatography to give two phenolic fractions: a LMW 87 and a HMW one. Through the combination of results from HPLC characterization and cell 88 culture assays, our objective is to indicate which compounds may be most effective as anti-89 Netherlands) to help prevent oxidative degradation, and stored at -80 °C until analyzed. On the 114 day of analysis, pecan samples were removed from the freezer, cracked, shelled, and tempered to 115 room temperature to ensure a proper mass reading. Approximately 15 g of nutmeat were placed 116 into a -20 °C freezer and allowed to partially refreeze to facilitate grinding. Each nut sample was 117 then combined with ∼65 g of washed sea sand and ground in a commercial coffee mill (Grind 118
Central Coffee Grinder, Cuisinart, East Windsor, NJ), to a very fine powder using an intermittent 119 pulsing technique. In this manner, oils were not expressed from the nutmeat during the particle 120 size reduction process. Haytowitz, Gebhardt, and Prior (2004) was used to extract phenolic compounds from the 127 defatted nutmeat. Extraction was carried out according to Craft, Kosińska, Amarowicz, and Pegg 128 (2010). Briefly, the contents in the flasks were heated at 50 °C for 30 min in an orbital-shaking 129 water bath (New Brunswick Scientific, New Brunswick, NJ). The extraction was performed in 130 triplicate, and supernatants were pooled. Acetone was evaporated from the supernatant using a 131
Rotavapor. The aqueous portion was transferred to crystallization dishes, covered with filter 132 paper, and placed in a -80 °C freezer until frozen. The samples were then lyophilized (Labconco 133 The level of NO production was measured as nitrite production using the Griess assay. For 283 the co-incubation experiments, the LMW extracts showed a classical dose-dependent decrease in 284 NO production with declines of 22, 29, and 78% with the 12.5, 25, and 50 µg CE/ml extracts, 285 respectively ( Figure 1A) . The 25 and 50 µg CE/ml tests were shown to be significantly different 286 from the control (P < 0.05). The HMW and crude extracts did not display significant reductions 287 compared to the control (P > 0.05) for any of the concentrations investigated. For the 288 experiments with the pre-treatment of the extracts, there were no significant differences from 289 control for any of the concentrations or extracts investigated ( Figure 1B) . Moreover, there was 290 no dose-dependent effect observed for any of the extracts. In the pre-treatment with LPS 291 experiments, the results were similar to the co-incubation experiments. A dose-dependent 292 decrease of NO production in the presence of the LMW extracts was once again observed 293 ( Figure 1C ). All three concentrations of the LMW extract, 12.5, 25, and 50 µg CE/ml, displayed 294 14 significant decreases from the LPS control (P < 0.05). The decreases were 28, 37, and 77 % for 295 the 12.5, 25, and 50 µg CE/ml extracts, respectively. The lowest concentration for both the 296 HMW and crude extracts also reduced NO production, though these effects were small (11 and 297 14%, respectively). It should be noted that there was no dose dependent effect observed with 298 either of these extracts. To test the cytotoxicity of the extracts, all treatments were subjected to 299 the MTT viability assay. The 12.5, 25, and 50 μg CE/ml exhibited decreases from LPS control of 300 9.5, 12.0, and 14.7 %, respectively (Figure 2 ). It should be noted that only the 25, and 50 μg 301 CE/ml were significant compared to the LPS control. 302
The cellular production of ROS was evaluated using H 2 -DCFDA, a non-fluorescent 303 compound that fluoresces upon reaction with a ROS. A dramatic difference in fluorescence was 304 observed between control cells and cells treated with LPS. The middle concentration, 25 µg 305 CE/ml of each of the three extracts, was tested in cells pre-treated with LPS ( Figure 3 ). While no 306 significant differences (P > 0.05) were observed for the HMW and crude extracts, a significant 307 decrease was observed for the LMW extracts (P < 0.05). These results are in agreement with 308 those results observed in the NO production experiments (Figure 1 ). The ROS production was 309 decreased by almost 50% with incubation of the LMW extract. The ROS decreased from 21.2 × 310 10 4 fluorescence intensity for the LPS control samples to 11.4 × 10 4 fluorescence intensity for the 311
LMW samples. 312
To determine the phenolic compounds which may be present in these LMW fractions, the 313 fractions present in the extract were analyzed using RP-HPLC and the major constituents were that the polymeric PACs displayed a much stronger effect than that of the smaller oligomeric 363
PACs. 364
On the other hand, Park et al. (2000) conducted an experiment using commercial standards of 365 compounds with varying degrees of polymerization (i.e., catechin and epicatechin monomers, 366 dimers, and trimers). These authors found that the monomers were the most effective at reducing 367 the level of NO production in cells stimulated by IFN-γ, a similar inflammatory stimulator to 368 LPS. It was also reported that when a commercial trimer (PCA C2) was used in the cell culture 369 experiment, there actually was an increase in the production of NO! These results are similar to 370 those observed in this study. It should be noted that the LMW fraction of pecans contained a high 371 proportion of catechin monomers (particularly Fraction IV and V). An additional study 372 conducted by Zhang et al. (2006) showed that COX-2, an additional enzyme linked to the 373 inflammatory process, expression levels were greatly reduced by procyanidin B2 in human 374 monocyte cells. Based upon the results of the HILIC characterization, fraction V did contain 375 some monomeric and dimeric compounds, but no trimeric or larger compounds. It is suspected 376 that the ethanol may have eluted some of the lower-molecular-weight tannin compounds. The 377 effect of the LMW fraction of pecans can be attributed to not only the presence of ellagic acid 378 and catechin compounds ( Figure 4 and Table 1 ), but also to the inclusion of some of these LMW 379 tannin constituents. 380
As previously mentioned, one argument for the effect of phenolics on curbing NO and ROS 381 production is cytotoxicity. Using the MTT cytotoxicity study, the LMW extract showed small, 382 significant differences (P < 0.05) from the LPS control in causing cytotoxicity but only for the 383 two highest concentrations of 25 and 50 μg CE/ml. There were no significant differences 384 observed between the three treatment concentrations; the authors do not believe that this is the 385 18 explanation for the LMW fraction-lowering of NO production. Another possible explanation is 386 an interaction between the phenolic compounds and LPS. It has been suggested that the phenolic 387 compounds might bind to the LPS making it difficult for the LPS to successfully initiate 388 inflammation in the cells (Delehanty, Johnson, Hickey, Pons, & Ligler, 2007; Terra et al., 2007; 389 Park et al., 2000) . For this reason, the pre-treatment LPS experiments were performed, which are 390 not utilized in many such studies. In this study, there were no large differences observed between 391 the pre-treatment with LPS and the co-incubation of LPS and extracts experiments. 392
The importance of the phenolic extract concentration on the effect of NO and ROS 393 production has been documented (Gentile et al., 2012) . In the present study, the dose-dependent 394 observations from the LMW extracts prove that concentration did, indeed, play a key role in the 395 efficacy of the extract. In addition, when the cells were pretreated with different concentrations 396 of extracts for 1 h, washed and then treated with LPS, no significant differences (P > 0.05) were 397 observed in any of the assays. This stands in contrast to the inhibition observed in the production 398 of inflammatory mediators when hydrophilic phenolic extracts from pistachios were pre-399 incubated with macrophages for only 1 h (Gentile et al., 2012) . 400
Conclusion 401
In summary, the present study focused on the effect of different phenolic compounds isolated 402 from pecans as inflammatory mediators. Phenolic acids and small condensed tannins found in the 403 LMW fraction of pecans, rather than the HMW tannin constituents, were shown to have a dose- Characterized by hydrophilic interaction liquid chromatography (HILIC) and quantification completed using commercial standards with varying degrees of polymerization. All quantities are expressed as mg compound/g tannin fraction. g PAC identification as described by Robbins et al. (2014) . h N/A means not applicable. This data was not collected in our analyses due to restrictions of sample composition. 
